A CONSIDERABLE volume of clinical and experimental evidence supports the opinion that the frequency of arteriosclerosis in human populations is determined to a large degree by the level of dietary fats. [1] [2] [3] [4] [5] [6] [7] However, other studies suggest instead that the development of this disease reflects the interaction of several factors some of which, at least, are not related to fat intake.8"-1 The observations to be reported here support the latter view, insofar as it may apply to captive wild mammals and birds.
MATERIAL
The material used in this review was collected over a period of 40 years, January 1, 1916 , to January 1, 1956 . During the greater part of this period the late Herbert Fox mals has been based upon macroscopic and microscopic examination of the aorta, heart, and other organs of the body cavities. Vessels of the extremities rarely have been studied. Intimal thickening, whether accompanied by signs of lipid deposits or by changes in the media, has been taken as evidence of the disease. However, this does not include examples of intimal thickening that might be interpreted as having developed in association with inflammatory lesions in or adjacent to the wall of an artery.
Our practice has been to ignore small isolated plaques of the aorta and its larger branches unless these were accompanied by vascular disease of the heart, kidney, or spleen. But we have included animals in which lesions of the arteries of the heart and kidneys were not accompanied by disease of the aorta.
In routine practice tissues were embedded in paraffin and stained with hematoxylin and eosin. During the present study additional sections have been prepared from selected eases by the following methods: Gomori's reticulum stain, Verhoeff's elastic stain, and Lillie's allochrome stain.
Few of the animals in this series were born in captivity. Thus age at death rarely may be stated accurately, but must be given as the "exhibition age," i.e., the length of life in the Zoo. Inaccuracies from this source are distributed about equally to all taxonomic groups, for wild animals usually are imported as immature specimens.
Age may be expressed most conveniently in months, because a majority of deaths fall into the lower age groups, which reflects the high mortality of animals in zoos. In discussing age we shall have occasion to refer to estimates of "potential longevity." The basis for these estimates was outlined earlier, although present evidence demands some upward revision of the published values. '6 During the period of this review arteriosclerosis was found in mammals of 45 families and in birds Controlled diets were introduced during 1935 but the change was not completed for several months. Hence January 1, 1936, is taken as the start of the present feeding system.
Inspection of the chart shows that the earlier diets for herbivorous and omnivorous animals (families 1 to 10) were largely carbohydrate. Dietary protein was low even for herbivores, and certainly inadequate for rodents and primates. Vitamin and mineral supplements were not used. These defects were corrected by the current diets, which supply about 3 per cent of fat to herbivores and about 5 per cent of fat to omnivores (rodents and primates). These levels represent moderate increases over those provided by the earlier diets but still are well within the range of "low-fat" diets. Dietary fat for the carnivores was not changed materially.
As a rule the nutritional diseases that developed under the original system of feeding represented chronic deficiencies.', 14 Thus, in respect to caloric intake the animals were not undernourished.
We have not attempted to determine whether caloric intake has been changed by the improved rations, for among captive wild animals intake may be influenced by factors that are not related to the composition of the ration. Improved nutrition has been indicated by hair and feather growth, fecundity, and growth of young. Obesity rarely has been observed. ily to be compared in terms of relative age at death (fraction of potential longevity). The values given here for potential longevity for each of these families are derived from the Lancaster formula."6 They are believed to be accurate estimates in terms of this formula, as modified by more recent experience, and in a majority of families do not exceed ages attained by positive animals of the group.
OBSERVATIONS
The frequency of arteriosclerosis in this series of mammals has ranged from 5.6 per cent in the Sciuridae to 32.4 per cent in the Dasyproctidae. The Macropodidae has had the second highest frequency, 28.0 per cent; the Capromyidae third with 22.4 per cent; followed by the Ursidae and the Viverridae with 19.8 and 17.0 per cent respectively. Frequencies for the remaining carnivores, the primates, and the ruminants have overlapped.
The ratios of mean ages of negative and positive Scuiridae to potential longevity of this family suggest that the disease actually ha3 developed chiefly in that segment of this group that chanced to survive for a reasonable fraction of its natural life span. Moreover, the higher frequencies for the Dasyproctidae and the Viverridae have been associated with proportionately higher values for both of these ratios.
On the other hand, these ratios for the Macropodidae, the Cebidae, and the Capromyidae, show arteriosclerosis developing in younger animals. Then too, these values for the Dasyproctidae and the Viverridae are approximately equal, while their frequencies of arteriosclerosis differ about 2-fold. In fact, the differences in frequency among the 15 families rarely seem to be correlated closely with the relative ages attained. Either we have erred in our estimates of potential longevity or frequencies have been influenced by factors other than age. There is evidence to support this latter explanation.
For example, the higher frequencies of arteriosclerosis, 32 This series of miiammii-ials, as a whole, has had a 10-fold increase in the frequency of arteriosclerosis during the 40 years of this review (.actually within the last 25 years). The first increases were associated with increasing age. More receiitly, however, mean ages have decreased while the frequency of arteriosclerosis has risen. These changes in frequency and age are illustrated by the values given in table 4, in which records of the series have been grouped by 5-year periods, and ages have been calculated as adjusted means, the number of positives (N+), their age in months, also as adjusted means, and the frequency of arteriosclerosis per 100 deaths.
The adjusted mean ages given in table 4 were derived from actual mean ages for each family at each interval, by the Two sources of error are recogcnized in the values thus derived: exhibition ages, which (1o not allow for agre on arrival, and the estimates of potential longevity. Since we are uncertain that these errors are truly random, wse have omitted elaborate statistical tests for p)osible differences.* Table 4 shows that arteriosclerosis was found in some 3 per cent of the mammals that died during the initial 15 years of this study (1916 to 1930 periods in this series of birds has fluctuated more than in the mammals. Still, as in the mammals (table 4) , the first pronounced increase in frequency came within the fourth 5-year period (1931 to 1935), prior to the change in diets and in association with decreases in the number on exhibition and annual death rates, and increases in mean age at death for both negatives and positives.
Then, in the 5-year period immediately after the new diets were introduced the number of positives (and the frequency) dropped to about half that for the preceding 5-year period, even though mean ages of both negatives and positives were increased. Subsequently the number of positives has increased with each succeeding period while mean ages dropped until they again equalled those for 1916 to 1920.
Changes in the number of birds on exhibition in this Zoo have paralleled closely those in the mammals. The decrease ended in 1946, and within the following decade (especially since 1950) purchases and breeding have returned the number on exhibition to that of the period from 1916 through 1925.
Thus, as in the mammals, age apparently contributed to the first increases in arteriosclerosis, However, the further inerease in age that came with improved nutrition seemed to reverse this trend, while the more recent rises in frequency have been accompanied by decreasing age. Autopsies since 1955 indicate that the latter trend is continuing. At the same time arteriosclerosis has come to be a relatively frequent cause of death rather than an incidental lesion.
Tables of the records for individual families of birds reveal nothing that is not already evident from tables 2 and 3 for mammals.
However, the range in frequency has been greater among birds, from less than 2 to more than 30 per cent.
The groups in which less than 5 per cent have been involved are represented in this series by about 3500 autopsies. These groups include only the smaller omnivorous birds: finches, sparrows, starlings, troupials, doves, and parakeets, all of which have been exhibited in enclosures that have allowed them to maintain a high order of activity. Few of these birds have had opportunities for breeding, although seasonal nest-building activity has followed improvements in feeding.
The diets for these birds, after 1935. supply upwards of 12 per cent of fat which is at least a 2-to 4-fold increase over that supplied by earlier foods. Their relatively small increase in arteriosclerosis after 1935 may be explained, however, by increases in exhibition age.
The higher frequencies of arteriosclerosis have been found chiefly among larger birds that have little tendency to or opportunity for approximating natural activity. These groups include pheasants, ducks, geese, swans, the larger psittacine birds such as cockatoos, parrots, and macaws, and the storks, herons, hawks, and eagles, i.e., both omnivorous and carnivorous birds.
Among the cranes, storks, and herons especially, inactivity often has been augmented by chronic inflammatory lesions of the feet. However, the records do not permit an estimate of the importance of this combination of factors to the frequency of arteriosclerosis generally. The most convincing evidence provided by the birds for this asso-ciation was the death of 4 Other animals of this series may be regarded as having undergone partial adrenalectomy through more or less atrophy of the zonae fasciculata and reticularis of the adrenal cortex, because of reduced activity during life in the Zoo. 22 In these animals the zona glomerulosa and the medulla of the adrenal glands have been found to persist intact or to undergo hypertrophy. Presumably the adrenal glands of birds undergo corresponding changes with inactivity. For the present, however, the complex cellular patterns of avian adrenal glands usually have discouraged our attempts to demonstrate such changes.
The adrenal response of the Capromyidae and of the more rapidly growing experimental populations to increasing social pressure seems to differ from that common to other animals of this series. This difference possibly reflects the rate at which the stimulus has been applied. And actually the difference may be more apparent than real, for hypertrophy of the zona fasciculata in response to rapidly increasing social pressure may change the secretory pattern of the adrenal glands. [18] [19] [20] 
